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TEN YEARS OF VELA X-RAY OBSERVATIONS

James Terrell and Williptn C. Priedhorsky
Los Alamos National Laboratory, Los Alamos, NM 87545

ABSTRACT: The Vela spacecraft, particularly Vela 53, produced all-
sky X-ray data of unprecedented length and completeness. The data
led to the discovery of X-ray bursts and numerous transient
O( “bursts. Recent re-analysis has put the data in the form of 10-day
skymaps covering a 7-year per$od , which have led to the discovery or
confirmation of a number of long-term periodicities, and have made
possible a time-lapse movie of the X-ray sky.

One spacecraft, Vela 5B, monitored the X-ray sky for more than
10 years, producing all-sky data for a period of unprecedented
length. The Vela spacecraft , watching for nuclear tests in space,
were among tk,e first to be capable of X-ray astronomy.1 Vela 5B
observed the sky with collimated NaI photomultiplier detectors,
sensitive to 3-12 keV X-rays, from 26 May 1969 to 19 June 1979. The
detectors scanned alon& a great circle at right angles to the earth-
spacecraft axis as the spacecraft spun with a nominal period of 64
seconds. The very large orbftal radius of 118000 km corresponds to
an orbital period of 112 hours , so that the entire sky was observed
in 56 hours, half of the orbital period. Although the detectors had
a sensitive area of only 27 ;m~, they were quite adequate for
observations af many X-ray burr*s, ~ a few gamma-ray bursts4, and
numerous transients.

The first and brightest of thes

burst? ‘ransien

t sources was Cen X-4,
first observed--as an X-ray --on 7 July 1969. Its time
history} seen in Fig. 1, ehowa that it rose very rapidly to an
tntensf,ty considerably brighter than t.htit of Sco X-1 and
bright ‘emaiffdfor about 3 monthsl (each Vela count corresponds to -4x1O
erRs/crn2, and to -25 Uhuru counts). Cen X-4 then vanished for 10
years, not reappearing u til May 1979, at which time it was possible
to identify it optically. t The ~oeition (1 = 332.24°, b - 23.88°)

7 for the earlier outburst.agreed well with that calculated
The entire eet of Vela datn hau been re~roceeaed in the last few

years, with recalibration of viewlnfi an81e and correction of come
earlier problems in apececraft c!nta and in analyela. One of the
results ha~ been a net n? 10-dnv sl<ymapfl for the 7-year period (I!lrlng
which data acqutnit ion wun most comp~ete (~ny 1969-June

i
976). These

have recently bean put into the form of a movie in color , showing in
time-lapae fnflliicln tho chan~ee in tho X-r~y sky map as seen b Vela
5B0 teveral exampleo oi these [,9,10okymapn have becil published,
Figure 2 ehowB the galnctic nenter portton of the 1969 skymp, with
Cen X-4 prOminent near S(,0 X-1 , normally the brighteet #ource. Those
akymnpa represent the nvernge counting rute above background in each
2°x20 nrea of tlw sky, by mean~~ of *ymbols of vuryin~ intenRj,ty (and
color, in tha movie). t;ACh point uource if* nprencl over An
nppr~ei~bl,e nren nf thn nkymp hecnu~e of t IIQ ().l~x()ol~ re~olution
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Fig. 1. Time history of the 1969 Fig. 2. Galactic center portion
Cen x-4 transient outburst. of the 1969 Vela 5B X-ray skywap.

(FWHM) of the collimator. An additional angular spread is introduced
by the l-second time resolution of the data.

Many sources, such as Cen X-4, are well-separated from others,
and it is not difficult to evaluate the time history and accurate
position of such sources from these skymaps. In other cases it is
necessary to use a least-sauare fitting procedure tt separate the
data from sources which are only a few degrees apart. Such
techniques have already res~lted in long-term time his.-~ies of a
number of X-ray sources .li-’3 In n number of caces new
periodicities have been found, such as the 294-day periodl’ of Cyg
X-1 and the 132.5-day period13 of CX304-1. In other cases previously
suggested periodicitiea, such ns the Ill-day perlodlz of A0535i-26 and
the 41.5-day period13 of CX301-2 have been confirmed, and other
periods have been ruled out. A ~mmber of previously unknown
traneient outb~rate have been found in the Vela data. There was, for
example, a bright tranaient outbur#t~3 from 4[11145-61 in April 1973,
at a time when other spacecraft with all-sky X-ray cnp~bllity were
not functioning.

An even more Interesting tr~nsient outwr~t occurred in June
i973 from a previously unknown ~ource in Carmlopardus9, V@332+53,
which was aleo observed only by Vzla 5B.
in Figure 3,

‘l%is nource, an may be seen
roee Rradually to at~ in”~nalty of 1.4 Crab nnd then died

away, lasting for a total of 3 month~. The slow rise is quite
different from the more typical outburst of Cen X-4, seen in Fig. 1.
Tho posltlon of this new so~rce, tit g~l~r.ttc coordinates 146.1°,
-2.0°, is known to an uncertair,ty of -4).2°, and in still hetng
refined. This hard X-ray source gnve clenr {ndicntions of rnplcl
fluctuations on a rvho~t time scale , which nre under investigf3tt0n,

A number of extragalactic eourcen are alHo quitr avident in the
Vel@ data. one of the meet {nteraotinfi of these 10 the neare~t
@cLive galaxy, Con A (N(;C 5128). During the period 1973-197’; the
nltclaun of this g,~laxy produce

f
much more X..rny flux thau UHUAI nnd

showed conoidarable variab~ltty. ‘4 The Vel# 51! ti14tA xiv? @vld@nco
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Fig. 3. Time history of tb.e 1973
transient outburst of V0332+53.
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Fig. 4. Vela X-ray data showing
detection of a gamma-ray burst.

of a number of rapid changes in intensity during this active period,
15 Since the X-ray emissionoften occurring in less than 10 days.
-1often reached the level of 5X1042 ergs sec , the source of X rays is

obviously both small and massive.
Thus the 10-day skymaps produced from the Vela 5B data have led

to a number of important results. The full aata are much more
complete, with 2 energy channels, l-second time resolution, and
observations of individual sources every 64 seconds. By ❑eans of
this capability Vela 5A and 5B recorded brief outbursts from a number

~~~~~~~ ~“~rce’,

leading to the discovery of the henomenon of X-ray
This was also found independently lE from observations$*

by the Astronomical Netherlands Satellite.
A complete re-examination of the Vela X-ray burst data has

recently been undertaken. The usc of more strin&ent criteria for
acceptance of burst dath, such as requiring that the bllrst appear
convincingly in both energy channels and that the data be free of
charged-particle effects, has eliminated most of the large number of
postiible bursts observed.17 The convincing bursts are mostly from
known sources, and particularly from 4U1608-52, the Norma burst
source. A number of large bursts not previously reported have been
found to come from this source, which is evidently one of the nearest
burst eourcea, or at least one of the most intense observed.

A few large bursts per year do not come from known bur~t
aource8, Some of these are likely to be the X-vnys associated with
gamma-ray burste. Two of4 these X-ray bursts have been identified
with known gamma-ray bursts, one (CB720514) at galactic coordinate~
1 = 1290, b = 39°, and the other (GB740723) from an area nenr the
Small Magellnnic Cloud (the direction of thla burst is known only
from the X-ray dut@). This is about the numlwr of such detections
expected, considering the viewin~ area of the Vela collimator and the
fraction of tinw devoted to data Acqt’inition from the spacecraft.
ThQ countin~ rate of the Vel@ X-ray counter clurtn~ one of theec
gamma-ray burnt detections (Gl172051tb) is ~hown in Fi8ure 4, which
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includes one hour of observation. The 4-second average of ccunting
rates is shown near the top of the figures with the total counting
rate from both channels plotted in the positive sense, and the
counting rate from the 6-12 keV channel plotted negatively, from the
same line. Other spacecraft data shown indicate normal operation.
The very obvious hard peak at 13631 UT (time receive’) is similar to
many other X-ray bursts, but comes from the direction and at the time
of a known garuna-ray burst. There are slo~ indications of weaker
recurrences of X rays from the same cource.

Thus Khe Vela X-ray data have proved to be important in the
discovery of bursts, transects, and periodicities, indicating the
value of all-sky monitoring capability over an extended period of
time, even with detectors of less than ideal sensitivity. This work
was supported by the U.S. Department of Energy and by the Department
of Defense.
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